2018) Ischemic stroke of the left claustrum in a 55-year-old female: a case report, ABSTRACT Background: The claustrum is a brain structure found in both hemispheres beneath the inner surface of the neocortex in the region of the insula and is bordered by the external and extreme capsule. Generally, it is divided into a dorsal part (claustrum proper or insular claustrum) and ventral part (endopiriform nucleus). The claustrum possesses complex reciprocal connections with the cortex, striatum, dorsal thalamic nuclei and hippocampus. Reports of patients with unilateral lesion of the claustrum are few in number. Herein, we present a case report of an ischemic stroke restricted to the left claustrum in a 55-year-old female Case Report: The patient presented with intense feeling of dizziness, ataxic gait, sensation of 'vacuity' in the head, decreased hearing and abnormal gustatory sensations. The neurological examination revealed a mixed horizontal and rotary nystagmus to the right side. Brain CT upon admission was assessed as normal without pathological findings. MRI was performed and showed an ischemic stroke restricted to the left claustrum with no other lesions. Following 4 weeks of therapy the patient recovered fully and duplex sonography showed preserved circulation in the affected areas. Conclusion: The present case report underlines the complexity of clinical symptomatology of the claustrum.
Introduction
The claustrum is a brain structure found in the telencephalon of nearly all mammalian species (1-3). It is a thin, vertical, sheet-like structure with irregular shape, found in both hemispheres beneath the inner surface of the neocortex in the region of the insula (4) . It lies between the insular cortex and the outer surface of the putamen and is bordered by the external and extreme capsule (2, 4) . Kowianski et al. (5) distinguish between five types of claustral shape based on its structure, volume and cellular differentiation: type I in insectivores and rodents, type IIin guinea pigs and rabbits, type IIIin carnivores, type IVin nonhuman primates and type Vin humans, with the human cortex having the most complex structure.
The anatomical subdivisions of the claustrum are well established (6) . Generally, the claustrum is divided into a dorsal part (claustrum proper or insular claustrum) and ventral part (endopiriform nucleus) (1-3,7). These two subdivisions are embryologically distinct (7) . The dorsal claustrum (DC) is located deep to the insular cortex and is extensively connected with the neocortex (8, 9) . The ventral claustrum (VC), on the other hand, is located deep to the piriform cortex and its interconnections with the prepiriform and entorhinal cortex have been well documented (3, 9, 10) . The claustrum appears to project primarily ipsilaterally to the cortex, while a weaker contralateral projection does exist (8, 9, 11) . In addition to the claustrum's complex reciprocal connections with the cortex, claustral projections to various subcortical structures have been documented, such as the striatum (12), dorsal thalamic nuclei (9,10,13) and hippocampus (14) . Previous studies have reported the presence of five types of neurons in the human claustrum: spiny neurons varying in size and shape (type I); large aspiny neurons (type II); large aspiny neurons without pigment deposits (type III), small pigment-laden aspiny neurons (type IV); small aspiny neurons without lipofuscin granules (type V) (15) . Several studies have investigated the presence and distribution of a number of substances in the claustrum of humans and other mammals, such as NADPH-diaphorase, neuronal nitric oxide synthase (nNOS), neuropeptide Y, leucine enkephalin, etc (16) (17) (18) (19) (20) (21) .
Reports of patients with unilateral lesion of the claustrum are few in number. Herein, we present a case report of an ischemic stroke restricted to the left claustrum in a 55-year-old female and comment on the clinical implications of such injury.
Case report
A 55-year-old right-handed female, non-smoker and without history of cardiac disease, diabetes or other diseases, presented with intense feeling of dizziness upon waking up. Her gait was ataxic, resembling the gait of a drunken person. Several hours later other symptoms developed such as sensation of 'vacuity' in the head, abnormal feeling of discomfort in the epigastric region (without nausea or vomiting), decreased hearing in the left ear, abnormal gustatory sensation (paresthesia) in the left half of the tongue and paresthesia in the left peribuccal region spreading to the left half of the face and finally affecting the whole left half of the head. Her blood pressure was measured as 110/60 mmHg. Duplex sonography of the carotid and vertebral arteries was performed and revealed mild atherosclerosis of both carotid bifurcations. The patient was admitted at the Centre for Neurology and Neurosurgery, Military Medical Academy, Sofia, Bulgaria and stayed there over a period of 5 days. The somatic examination was consistent with the physiological state at this age. Blood pressure upon admission was measured as 110/80 mmHg. The standard laboratory blood tests were normal. The neurological examination revealed a mixed horizontal and rotary nystagmus to the right side. Romberg's test was positive for static ataxia. The patient's gait was determined as ataxic. The mental examination was normal. Otoneurological tests revealed a central otoneurological syndrome with brain stem localization. Brain CT upon admission was assessed as normal without pathological findings. In the differential diagnosis, we considered a possible ischemic injury with localization either in the brain stem or in the cerebellum due to her ataxia and apparent central otoneurological syndrome.
Sensory involvement was also discussed. The day after admission, MRI with contrast matter was performed and showed an ischemic stroke restricted to the left claustrum with no other lesions (Fig. 1) . In the hospital the patient was treated with Piracetam (Nootropil®) 2 × 200 mg i.v. During the following months she was treated as an outpatient. Following 4 weeks of therapy with Vinpocetine (Cavinton®) 2 × 10 mg, Betahistine (Serc®) 3 × 16 mg and Piracetam (Nootropil®) 2 × 800 mg the patient recovered fully. Control colour duplex sonography of the carotid and vertebral arteries showed preserved circulation. Transcranial Doppler sonography revealed preserved circulation of the right vertebral artery and mildly increased resistance of the left vertebral artery. Electroencephalography (EEG) was normal. Follow-up MRI revealed a local ischemic stroke restricted only to the left claustrum (Fig. 2 ).
Discussion
Pure claustrum strokes are very rare in clinical practice (9) . The stroke of the claustrum may present with various clinical manifestations due to its anatomical location and functional connections. Reversible bilateral lesions of the claustrum and external capsule (confirmed by MRI) present with epileptic seizures, loss of vision, speech and hearing (22) . As the claustrum is situated in the close proximity of the insular cortex, damage of the claustrum is very likely to damage the insula and vice versa (23) . The angioarchitecture of the claustrum is rather complex. Both the deeper and the more superficial part of the middle cerebral artery are implicated in the pathogenesis of the stroke (22) . It appears that vessels permeating the insula also provide blood supply to the claustrum (1). This may lead to coexisting lesions and to result in complexity of the clinical manifestations (1,23). Duffau et al. (24) reported a series of 42 patients who were operated due to cerebral glioma involving the claustrum and found that 3 months after surgery, 39 of them recovered full neurological potential, while 3 patients experienced a permanent left hemiparesis due to a deep stroke involving the perforating arteries.
Insular strokes are rare (25) . An acute insular stroke may present with various clinical symptoms due to anatomical and functional complexity of the insular lobe and its wide connections with the frontal, temporal, parietal and olfactory cortex and with basal ganglia, thalamus and limbic structures (23, 25) . The insular lobe is an important somatosensory, gustatory and visceral motor and sensory processing area, a component of the vestibular and limbic cortex and is implicated in pain processing volition, swallowing, cardiovascular control and cerebrogenic sudden death (25) .
In the present case report, we discussed that the gustatory sensations could be provoked by the involvement of the claustrum or the insular cortex. The normal EEG was not surprising since EEG abnormalities may be absent in regions which are enfolded or otherwise poorly oriented for scalp recording of their potential fields. MRI findings were deduced to represent an ischemic injury to the claustrum. A possible differential diagnostic problem was caused by the fact that seizure-related cerebral lesions may present with T2 hyperintensity (26) . Since seizures can coexist with symptoms of acute stroke, it is sometimes difficult to distinguish between the two conditions in the clinical setting. In such cases, assessment of perfusion on MRI may be useful to determine whether an area is hypoperfused (which would indicate ischemic etiology) or hyperperfused (associated with seizurerelated pathology) (27) . The patient was treated with Vinpocetine and Piracetam, which are the drugs of choice for enhancement of brain function and improvement of the brain blood supply, along with Betahistine, which was given in order to specifically resolve her otoneurological symptoms. She responded well to the therapy without any side effects, which supported our hypothesis of ischemic etiology of the symptoms.
Conclusion
The present case report underlines the complexity of clinical symptomatology of the claustrum. The clinical observations of the lesions restricted to the claustrum open a unique window on the functional organization of the brain. It is evident that the clinical symptoms of local ischemic stroke in the claustrum might create difficulties with regard to the differential diagnosis. Understanding the function of the claustrum requires still many experiments, clinical observations and studies in clinical and molecular neuroscience.
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